The main purpose of this paper is to indicate the optimum size of the general government sector (GGS) in the European Union (EU) economies. The goal of the study is especially important due to the fact that the problems with the optimal size of the GGS in the scientific literature have not been fully solved and discussed in detail. On the one hand, it has attracted the attention of a variety of approaches to determine the general government sector's size (see: Skica et al. 2015a , Skica et al. 2015b , and on the other hand -a kind of monogamy of methods for the determination of its optimal dimensions. The approaches present in research studies (both a little older, and quite modern), to the optimization of the size of the sector concentrates (with some exceptions) on measurements
INTRODUCTION that link public expenditure to GDP.
We're attaching a review of the most well-known research devoted to government size where the authors use government expenditure to express the size of the general government sector. Peden (1991) , considering general government spending in the USA for the years , calculated that the optimal size of the U.S. government is at 20% of GDP. The articles of Grossman (1987 and are examples of other scientific research that refers to the U.S. economy and that consider relatively long periods demonstrating that optimal size of government fluctuates around 20% of GDP. Karras (1997) , using the data for 20 European countries and the time period , found that the average optimal size of government for all European countries equals 16% (+/-3%) of GDP. Vedder and Gallaway (1998) proved that the optimal size of federal government in the United States in the period 1947-1997 was 17.45% of GDP. At the same time the size of state and local government which maximizes the growth rate was equaled in relation to GDP at 11.42%. In fact, the overall optimal government size was 28.87% of GDP. The results of calculations which were conducted by the authors for five other countries suggest that optimal size of the sector for Canada was 21.37% of GDP; for Denmark it also equaled 26.14% of GDP; in the case of Italy its value was 22.23% of GDP; for Sweden it was on the level of 19.43% of GDP, and for Great Britain it was equal to 20.97% of GDP. Chao and Grubel (1998) , who conducted calculations for Canada for the time period 1929-1996 (inclusive) , determined that optimal size of government spending in Canada was about 27% of GDP, whereas, Illarionov and Pivovarova (2002) , claimed that the optimal size of government which maximizes the economic growth of Russia was in the range from 18% to 21% of GDP. Handoussa and Reiffers (2003) conducted analyses on the relationship between government size and economic growth on the example of Tunisia. Based on the data collected for three decades (i.e., from 1968 to 1997) , the authors determined that the optimal level of government expenditure in the context of Tunisia was equal to 35% of GDP.
Interesting conclusions based on Economic and Monetary Union countries (EMU) were given by Buti et al. (2003) . The authors proved that the maximum stabilizing size of government is lower for small open economies. Their research results suggest a threshold of about 35% of GDP in the case of small open economies and somewhat higher (about 40% of GDP), for large open economies. Pevcin (2004) , analyzed economies of 8 European countries in the period from 1950 to 1996. He found that optimal size of governments is as follows: Italy (37.09% GDP), France (42.90% GDP), Finland (38.98% GDP), Sweden (45.96% GDP), Germany (38.45% GDP), Ireland (42.28% GDP), the Netherlands (44.86% GDP), and Belgium (41.91% GDP). Chobanov and Mladenova (2009) conducted research on OECD countries for the period from 1970 to 2007. The authors indicated that the optimal level of combined government expenditure in relation to GDP shouldn't be higher than 25%. To determine the optimal level of government consumption expenditure the authors used data of 81 countries from the World Development Indicators of the World Bank for the period 1961-2005. According to their calculations, the optimal level of government consumption was only 10.4% of GDP. It is necessary to notice that in most developed countries government consumption as a share of GDP exceeds this threshold. For example, in 2005 government consumption as a share of GDP was 18% in Australia and Austria, 23% in Belgium, 25.9% in Denmark, 22% in United Kingdom, 16% in the USA, and 27% in Sweden. At the same time in Singapore and India government consumption was equal to respectively 10.4% of GDP, and in Chile -10.9%.
Davies (2009), moves deliberations on optimal government size from productivity to social welfare, by using the Human Development Index (HDI) as the outcome variable. The author conducted single country studies for 154 countries inside the time frame 1975-2002 taken from the Human Development Report, 2004. According to the results the estimated levels of government consumption and investment expenditures that are associated with maximal growth in per capita real GDP are 8.5% and 6.2%, respectively. Connection of both these values suggests that the optimal level of government expenditures in the analyzed period was equal to 14.7% of GDP. In contrast the author suggests that government investment expenditures have a negative impact on the HDI until investment expenditures reach approximately 40% of GDP. Mutaşcu and Miloş (2009) divided the EU countries into 'new and old' countries and used the data for the years 1999-2008 (inclusive) . They found that the optimal size of government for the new countries equaled 30.42% of GDP while for the old EU countries 27.46% of GDP. Gunalp and Dincer (2010) estimated the optimal government size for 20 transition countries based on annual data for the period 1990-2001. The optimal government size was estimated on average to be 17.3% (+/-3%) GDP for transition countries.
Abounoorie and Nademi (2010) looked at the Iranian economy for the years 1959 -2006. They analyzed the optimal size of government from the point of view of total government expenditure share in GDP, government consumption expenditure share in GDP, and government investment expenditure share in GDP. They found that in the first case the optimal size of government was about 34.7% of GDP, in the second 23.6% of GDP, and for the last case, 8% of GDP. Samimi, Nademi and Zobeiri (2010) provided studies based on annual data for Islamic countries for 1980-2007. The results (expressed with the level of general government final expenditure over GDP), were: Iran 26.4% of GDP, Pakistan 11.9% of GDP, Turkey 13.96% of GDP, Egypt 16.53% of GDP, Algeria 16.54% of GDP, Indonesia 7% of GDP, Oman 26.11% of GDP, and Jordan 26.09% of GDP. Forte and Magazzino (2011) , analyzing 12 EU economies in the period of 1970 -2009, found that the optimal size of government spending was in the range from 35.39% GDP for Belgium and 35.52% for the Netherlands to 43.50% for UK and 44,47% GDP for Ireland. Their results for the other analyzed countries look as follow: Austria (38.21% of GDP), Denmark (38.63% of GDP), Finland (40.38% of GDP), France (39.49% of GDP), Germany (41.99% of GDP), Greece (39.33% of GDP), Italy (37.68% of GDP), and Portugal (42.28% of GDP). Similar conclusions concerning the Italian economy were found by Magazzino (2012) , who based his study on the time period from 1960 to 2008 (inclusive). Herath (2012) , based on the data for the years 1959-2009, found that the optimal size of government for Sri Lanka is equal to 27.0% of GDP. Di Liddo, Magazzino and Porcelli (2013) , based on the period of 1997-2009, found that the optimal government size for decentralized government measured by the level of public spending in Italian regions to regional GDP was close to 52%. The authors proved that in the case of lack of decentralization (decentralization index 0.0%), the optimal government size was equal to 52.112%. Assuming the existence of decentralization, the authors observed an increase in the optimal size of government from 52.115%, assuming an index of decentralization at the level of 10% to 52.223%, assuming an index of decentralization at the level of 30%. Altunc and Aydin (2013) provided research on the optimal size of government for three countries: Turkey, Romania and Bulgaria. The research period involved the years from 1995 to 2011 (inclusive). The authors found that optimal size of government expenditure for Turkey was equal to 25.21% of GDP, for Romania 20.44% of GDP, and for Bulgaria 22.45% of GDP. Hok et al. (2014) , organized their research on the basis of 8 ASEAN countries (Brunei, Cambodia, Indonesia, Malaysia, Philippines, Singapore, Thailand and Vietnam). The time period included the years from 1995 to 2011 (inclusive). The authors found that the optimal size of government (expressed as the level of government expenditures in GDP) for these countries was equal to 28.5% of GDP. Alimi (2014) , based on annual Nigeria country level data for the period 1970 to 2012, considered two measures of the size of government: share of total expenditures to GDP, and share of recurrent expenditures to GDP. Alimi estimated the optimum share of total government expenditure to GDP at 19.81% while the share of recurrent expenditures to GDP was 10.98%. Hajamani and Falahi (2014) , analyzed the relationship between the government consumption expenditure share and economic growth in 21 low-income countries and 11 low-middle income countries during 1981-2007. The results showed that the optimal level of government consumption expenditure for low and low-middle income countries was 16.2% of GDP and 16.9% of GDP respectively.
Christie (2014), based on the panel data of 136 countries and the time period of 1971-2005, found that the optimal size of government measured with the size of total government expenditures to GDP was 33% of GDP. Thanh and Hoai (2015) used the panel data for ASEAN countries (Brunei, Cambodia, Indonesia, Laos, Malaysia, the Philippines, Singapore, Thailand and Vietnam), over the period 1980-2011. The empirical results showed that the threshold level of optimal government consumption spending was equal to 25.69% of GDP. That was the optimal level of government size for supporting sustainable economic growth in ASEAN countries. Two years later, Sriyana (2016) found that optimum level of government spending that maximizes economic growth in Indonesia was 12.552% of GDP. Asimakopoulos and Karavias (2016) used the data on 129 countries from the World Development Indicators for the period of 1980-2009. They found that the optimal level of government size (expressed by government consumption expenditure to GDP) that maximizes economic growth was equal to 18.04% for the full sample of 129 countries, but at the same time 19.12% for developing countries and 17.96% for developed countries.
Lyidogan and Turan (2017), examined the relationship between the Turkish government's size and economic growth for the period 1998-2015 (inclusive). According to their results, estimated threshold levels, as a percentage of GDP, were 16.5% for the government's total expenditures, 12.6% for consumption expenditures, and 3.9% for investment expenditures.
These approaches show that general government size optimalisation has focused mainly on the linkages between government expenditure and the country's GDP. These measures should be seen as a canon in the field of comparative analysis in the area of general government sector size. Due to the universality of these approaches, the authors attempted to determine the optimal (from the point of view of the economy) size of the GGS using the diagnostic inference methodology unparalleled in research devoted to general government sector size optimalisation. Moreover, the authors decided to expand the measures of government size with new variables (or 'parameters').
We chose the Bayesian network as a method to analyze data because: encodes dependencies among all variables, can be used to learn causal relationships, understanding about a problem domain and to predict the consequences, has both a causal and probabilistic semantics and additionally Bayesian statistical methods in conjunction with Bayesian networks offer an efficient approach for avoiding the overfitting of data.
DATA AND METHODS
The research was conducted for EU Member States. Due to the fact that all EU countries were examined, the analysis included both highly developed countries (the so-called old European Union countries) and new member states. The structure of the group of examined countries therefore covered a much more developed Western European countries such as Luxemburg, Belgium and Germany as well as countries of South East Europe including Bulgaria, Greece, Romania and Slovenia. The inclusion of all Member States in the research allowed to construct measures that objectively refer to the EU as a whole, but at the same time, consider the diversity of the Member States that form it. The timeframe covered the years from 2000 to 2013 (inclusive). Sources of data for the purpose of this research were publicly available including: Eurostat, OECD, as well as the World Bank.
The economy was described with the help of thirteen variables: Activity rate (in %), Balance of the current account (million euro), External balance of goods and services (million euro), FDI -foreign direct investment (million USD), Gross domestic product in current prices per inhabitant (GDP per inhabitant), Harmonized indices of consumer prices (HICPs) (annual average rate of change), Inward FDI flows (million USD), Outward FDI flows (million USD), Real effective exchange rate (index 1999 = 100), Unemployment rate (in %), Potential output of total economy (million euro), Gross capital formation (% GDP), and Gross domestic product in current prices per inhabitant -dynamic (percentage change).
The general government sector was presented through the formation of nine variables that describe it, and they were: Total general government expenditure (euro per inhabitant), the ratio of total taxes to GDP (% GDP), Public sector employment (number of people), Total general government revenue (euro per inhabitant), Government consolidated gross debt (% GDP), General government sector output (% GDP), Gross value added (general government total valueadded) (basic (current) prices), Total general government expenditure (% GDP), and General government gross fixed capital formation (% GDP).
Due to the fact that the variables had a constant character, they have been subjected to a discretization process. The values of each variable have been divided into four intervals. An interval criterion was an equal number of occurrences in every interval, so there were exactly the same number of countries belonging to the EU in every single interval. Every variable and every interval were studied for positive impact on the variables that describe a condition of the economy. In these analyses Bayesian Networks (BNs) were used.
The BNs were generated considering each year separately (i.e. the first network was generated on the basis of data from the year 2000, the second from the year 2001, etc.). Due to the fact that the Bayesian network determines a joint probability distribution it can be used for inference. The diagnostic inferences were conducted to determine in which values of the parameters describing the size of the general government sector are the improvement of indicators describing the economy of the studied EU countries. Diagnostic inference was held to be optimal from the point of view of the economy of the size of the general government sector. To set the variables of the economy (effects) a probability distribution of the indicators with GGS (causes) was observed. As a result of the logical output the observed attributes were valued, which reached a level of probability greater or equal to 0.7.
Afterwards, by interpreting the results of the diagnostic inference variables of GGS variables those with the biggest and as a consequence the widest impact on the economy sector were pointed out. By optimizing impact, the level of the studied variables was precisely determined. 
DIAGNOSTIC INFERENCE
A Bayesian Network (BN) is a pair (DAG, CPD) where the nodes and arcs form a directed, acyclic graph (DAG) and the conditional probability distribution (CPD) of a node (a random variable) is defined for every possible outcome of the preceding causal node(s) (see : Pearl 1988) . If there exists a causal probabilistic dependence between two random variables in the DAG, the corresponding two nodes are connected by a directed edge while the directed edge from a node A to a node B indicates that the random variable A causes the random variable B. Each node is annotated with a conditional probability distribution (CPD), that represents p(B|A), where A denotes the preceding of B in DAG.
Due to the fact that the BN determines a joint probability distribution it can be used for inference. The most common inference methods are predictive inference (from causes to effects) -from new information about causes to new beliefs about effects, according to the directions of the network arcs and diagnostic inference -(from effects to causes), effects are known to look for causes, in the opposite direction to the network arcs (Hagmayer et al. 2007; Pearl 2009; Korb et al. 2004) .
To demonstrate the diagnostic inference let's assume now that inflation has fallen and observe the causes. In other words, we observe I = yes with probability 1 and we wonder how the probability distribution of supply factors SFs and demand factors DFs changes, given the observed effect. Based on the Bayes formula we observe:
(1)
The graphical interpretation with posterior probability distribution -after observing inflation decrease -is presented in Figure 1 .
How to interpret diagnostic inference results? The effect of some event has occurred -in our case inflation has fallen. So, we are looking for what are the probable causes of the fall in inflation. For this purpose, we observe variables that have an impact on the inflation fall (i.e. variables connected directly and/ or indirectly with the inflation fall). The observation of variables means observing changes in probability (equations 4 and 5), which took place as a result of an inflation fall. The higher the probability value, the more likely the cause is. In our case, demand factors DFs are the more probable cause of the inflation fall.
BNs have been applied in a wide range of areas in health services research: health economic evaluation, health quality measurement, health outcomes monitoring, cost-effectiveness analysis but also, in epidemiology, clinical research, medical decision making, 
OPTIMIZATION OF THE GGS SIZE
In order to set the values of parameters describing the size of the GGS at which there is an improvement of indicators describing the economies of EU countries, a diagnostic inference was used which was conducted for an optimal from a perspective of economy size of the general government sector (GGS). On the basis of the observable probability distributions the values of parameters describing the size of the general government sector were set, which affected the improvement of indicators describing the economy of the studied countries (see: Table 1 ). This means that the values of these parameters outside these intervals result in the worsening of indicators describing the economies of the studied EU countries. The strongest influence on variables attributable to the economy was noted for the variable marked number 1 (i.e. Total general government expenditure (euro per inhabitant), with a probability of 0.7 it influenced all variables describing an economy. This variable has the strongest impact in the interval of values between 12076 and 21463. Among this interval of values, it influences seven economic variables, but when the interval of values is between 699 and 5854 it impacts six variables describing an economy.
Three variables describing the size of the GGS, i.e.: The ratio of total taxes to GDP (% GDP), Public sector employment (number of people), Total general government revenue (euro per inhabitant) impact 12 out of 13 variables describing the economy. They differ from each other as each influences a different variable describing the economy. The ratio of total taxes to GDP (% GDP) does not influence significantly Gross domestic product in current prices per inhabitant (GDP per inhabitant), however Public sector employment (number of people) does not have a substantial impact on balance of the current account (million euro), but Total general government revenue (euro per inhabitant) does not affect strongly external balance of goods and services (million euro).
In order for the sector variable Ratio of total taxes to GDP (% GDP) to have the strongest positive impact on economic variables it should be present in interval of values from 27.4 to 34.5.
Public sector employment (number of people) influences positively and in the strongest way 11 variables describing the economy when it is set in the interval of values from 1015.7 to 3053.8. In case of the variable FDI -foreign direct investment (million USD) the strongest positive impact was assessed for the interval of values from 32.5 to 440.0.
Other variables from the GGS characterize with minor impact on the economy: 1) Government consolidated gross debt (% GDP) and General government sector output (% GDP) affect only economic variables: Gross domestic product in current prices per inhabitant (GDP per inhabitant) as well as Gross capital formation (% GDP), however the first affects in the strongest manner, when its value is in the interval from 3.7 to 31.2, the second affects in the strongest manner when its value is in the interval from 12. Table 2 it is worth pointing out one more extremely important fact. Variables described in the table by numbers from 1 to 4 influence substantially all or most of the variables describing the economy. Affecting their level and putting their values in the table intervals it is possible to impact in the strongest manner the economies of the studied EU countries. However, paradoxically from a perspective of economic policy, more valuable could be the results describing sector variables located on numbers 5 to 9, because their application will be affecting only chosen economic indicators. People responsible for shaping economic policy in a country, might, because of changing particular values on the side of variables describing size of GGS, positively influence changes of values only for selected indicators on the economy side.
OPTIMIZATION OF SIZE OF THE GGS
From a perspective of the objective set by the authors in this elaboration it is worth attempting to show optimal size of the GGS that in the strongest manner would positively affect the economy of EU countries. In Table 3 there are intervals of values presented, in which variables describing size of the GGS should be featured from a perspective of positive impact on the biggest number of variables on the economy side. In order to fulfill that assumption variables on the side of the GGS could have values from a maximum of 2 (out of four) intervals of values, into which they were divided in the analysis.
Intervals of values presented in Table 3 correspond to positive impact of variables describing size of the GGS on as many as possible variables describing economies. Taking this into account, in the next step there was an attempt to establish optimal size of variables describing GGS from the perspective of the most favorable influence on the maximum number of variables describing the economy.
While creating Table 1 there was an objective to establish only one, narrow interval of values for each variable on the side of the GGS in order to indicate most accurately intervals of values where these variables should be present. A criterion of choice for this one interval for variables representing sizes of the GGS was the fact that in this interval a variable would have a positive impact on the greatest number of variables on the economy side. In the case of two variables i.e.:
General government sector output (% GDP) as well as Total general government expenditure (% GDP) using that criterion it was impossible to indicate only one interval, so two intervals were indicated, because in each of them they influence to the highest possible extent exactly one variable; as a result, it is not possible to indicate which one is the most important.
As an example, the variable General government sector output (% GDP) in the interval from 12.0 to 16.8 affects positively the variable Gross domestic product in current prices per inhabitant (GDP per inhabitant), while in the interval from 16.8 to 20.2 it affects positively the variable Gross capital formation (% GDP). Thus, indication of which interval of this variable is better for the economy is not possible, as in each of them it affects positively only one, however different, variable. It is a similar situation with the variable Total general government expenditure (% GDP), that in the interval from 31.1 to 40.3 it impacts positively only Gross capital formation (% GDP), while in the interval of values from 40.3 to 46.7 it influences positively Gross domestic product in current prices per inhabitant (GDP per inhabitant). Table 1 presents optimal size of the general government sector from the perspective of its positive impact on the economy. Every economic variable is influenced positively at least by one variable on the Source: authors side of the GGS, while it happens twice that this positive impact is coming from even from five variables describing size of the GGS. It means that GGS holistically affects an economy, what is important from the perspective of economic policy is that there are no variables on the side of the economy that is not influenced by at least one variable on the side of the GGS. It demonstrates substantial possibilities for economic stimulation by proper definition of size of the GGS. Data included in the research let us accurately construct policy in a scope of shaping size of the GGS that in the most optimal way would influence the economy using tools that can be called 'universal' , which impact vast number of economic variables, to those that affect only single economic variables. In the article ready solutions serving the improvement of the economic situation of the studied countries could be found.
CLOSING REMARKS
The analysis allowed us to determine in which intervals values of variables describing size of the GGS affect positively the economy. It is established that the most important for the economy are the variables: Total general government expenditure (euro per inhabitant), Ratio of total taxes to GDP (% GDP), Public sector employment (number of people), and Total general government expenditure (euro per inhabitant) -they influence positively all, or most of the variables on the economy side. In the case of other variables describing size of the GGS from one to five variables were indicated on the side of the economy sector which they impacted.
The greatest achievement of the authors was however indication of specified intervals of values, where particular variables of the GGS affect positively variables from the economy sector. In Table 3 optimal intervals of values of the variables on the side of the GGS were presented. Those intervals are broad, but chosen in such way that they impact the greatest number of economic variables. On the other hand, in Table 1 those intervals were narrowed in order to determine the maximum precise optimum level of the studied variables.
The results on optimizing size of the GGS might be an important source of information for the purpose of economic policy planning for each of the studied economies especially those, represents South East Europe countries. The results of the estimates carried out provide guidance for developed Western European countries. Despite the level of development, they have achieved, in many cases they struggle with the problems of economic development stabilization, as well as problems related to public finance management. Provided estimates allow these countries to adjust the size of the public finance sector to the economic condition of these countries. This solution will contribute to economic stability. On the other hand, in the case of developing countries including SEE countries, optimization of the GGS size will allow overcoming development barriers ensuring adjustment of the sector size to the current state and economic condition of these countries. Thus, the modification of the size of GGS should be treated as one of the factors that will support the dynamics of the development processes of these countries and contribute to leveling the development disparities separating the more developed (albeit not free from problems) countries Findings made during the research are an expression of an alternative and innovative approach not only to studying impact of size of the general government sector on single economic parameters, but also on the economy expressed through the prism of all parameters within the research -together. An essential value added that is a result of this study is the capture of differentiation of scale of the influence of different parameters of the GGS as well as their individual correlation with economic variables. As a result of these analyses, the authors have elaborated a kind of policy mix effectively linking size of the sector with expectations towards the economic performance of a country determined by sector parameters.
This article is the first step for the development of analyses devoted to the optimization of general government sector size and its impact on the economy. The conclusions suggest that the next step in explanation of the studied issue should be extending the research by analyzing the relationship between general government sector size and economic growth. The data collected determine the optimal general government sector size in static terms. It limits the presented work and the results contained in it. From the viewpoint of the topic, it becomes extremely important to determine the impact of the size of the general government sector on the dynamics of economic growth. The approach based on the data collected will examine how the optimal size of the general government sector (determined for the studied time period) has a positive effect on the economic dynamics of the surveyed countries. The results obtained will allow to determine whether the general government sector size optimizes the dynamics of economic growth, with regard to the time and place circumstances.
